Seven new minor triterpene glycosides, cucumariosides A 2 (1), A 7 (2), A 9 (3), A 10 (4), A 11 (5), A 13 (6) and A 14 (7) have been isolated from the Far Eastern sea cucumber Eupentacta fraudatrix. Structures of the glycosides were elucidated by 2D NMR spectroscopy and MS. Glycosides 1-7 belong to the group of cucumariosides A, having linear tetrasaccharide carbohydrate moieties without any sulfate group and possessing 3-O-methyl-D-xylose as a terminal monosaccharide unit. Glycosides 1, 2, 57 differ from each other in side chain structures in aglycone moieties, while cucumarioside A 10 (4) has a 23,24,25,26,27-pentanorlanostane aglycone with 18(16)-lactone. Cucumarioside A 9 (3), having an uncommon 18-hydroxy group, is the second representative of the unique metabolically active glycosides that are regarded as intermediates of glycoside biosynthesis in sea cucumbers. Cytotoxic activities of glycosides 1-7 and cucumarioside A 8 (8) against mouse spleen lymphocytes and the cells of the ascite form of mouse Ehrlich carcinoma, along with hemolytic activity against mouse erythrocytes and antifungal activity were studied. Cucumariosides A 2 (1), A 8 (8) and A 13 (6) demonstrated high hemolytic activities. Glycosides 1, 4 and 6 showed moderate cytotoxic activity. Only cucumarioside A 8 (8), having an 18-oxymethylene group and a 24(25)-double bond, was very active in all the tests.
As a continuation of our studies on the triterpene glycosides, cucumariosides, belonging to group A of the sea cucumber Eupentacta fraudatrix (Djakonov et Baranova) (= Cucumaria fraudatrix Djakonov et Baranova = Cucumaria obunca Lampert) (Family Sclerodactylidae, Order Dendrochirotida) [1] we describe herein the structural elucidation of nonsulfated tetraosides, cucumariosides A 2 (1), A 7 (2), A 9 (3), A 10 (4), A 11 (5) , A 13 (6) and A 14 (7) .
The concentrated ethanolic extract was sequentially submitted to column chromatography on Polychrom-1 (powdered Teflon) for desalting and elimination of polar impurities and on a Si gel column using CHCl 3 /EtOH/H 2 O (100:75:10) as mobile phase to yield a number of glycosidic subfractions, each of which contained a series of glycosides with one type of carbohydrate chain.
One of the most non-polar subfractions contained cucumariosides with a linear tetrasaccharide nonsulfated sugar chain belonging to group A. Further separation of this subfraction (450 mg) by HPLC using a reversed-phase semipreparative Discovery C 18 column (10  250 mm) [MeOH/H 2 O, 83:17] gave a number of peaks (total weight 134 mg) that were subsequently rechromatographed on the same column using different mobile phases for each peak: MeOH/H 2 O (72:28) gave 5 mg of cucumarioside A 2 (1) and another peak, following rechromatography with MeOH/H 2 O (70:30), gave 2.7 mg of cucumarioside A 10 (4); MeOH/H 2 O (65:35) gave 16 mg of pure cucumarioside A 13 (6) and seven other subfractions. These, following purification by HPLC on a Discovery C 18 column (10  250 mm) using different mobile phases for each peak: MeOH/H 2 MeOH/H 2 O/NH 4 OAc (60:38:2) 3.3 mg of cucumarioside A 14 (7) ; MeOH/H 2 O/CHCl 3 (65:32:3) 36 mg of pure cucumarioside A 11 (5) , and an additional peak that was rechromatographed on a Discovery C 18 column (4.6  250 mm) with MeOH/H 2 O (63:37) to give 1 mg of cucumarioside A 9 (3) .
The structures of the glycosides were elucidated by extensive analysis of the 1 H, 13 C and DEPT NMR spectra and 2D NMR Table 1 : 13 C and 1 H NMR chemical shifts and HMBC and NOESY correlations of carbohydrate moiety of cucumariosides A 2 (1), A 7 (2), A 9 (3), A 10 (4), A 11 (5) , A 13 (6) and A 14 (7) . a Recorded at 176.04 MHz in C 5 ( 1 H 1 H COSY, 1D TOCSY, HMBC, HSQC, NOESY) and also confirmed by HR ESI mass spectrometry. The 13 C NMR spectra of the carbohydrate part of 1-7 were coincident with each other and to those of cucumariosides of group A isolated earlier [1] , and also of desulfated derivatives of cucumariosides G 1 -G 4 obtained earlier from the corresponding cucumariosides of group G from E. fraudatrix [2] [3] [4] [5] . The carbohydrate chain contains four monosaccharide residues (D-xylose, D-quinovose, D-glucose and 3-O-methyl-D-xylose) without a sulfate group. Cucumariosides A 10 (4) and A 11 (5) have been identified by the 13 C NMR spectra with the desulfated derivatives, previously obtained from cucumariosides G 2 and G 4 , respectively [3, 5] . Hence, cucumarioside A 10 (4) is (5) 
These compounds were isolated as natural products for the first time.
The presence of four characteristic doublets at 4.82-5.22 ppm (J = 7.4-8.0 Hz) in the 1 H NMR spectra of the carbohydrate part of 1-3, and 6-7 correlated by HSQC spectra with the corresponding signals of anomeric carbons at 104.8-106.0 ppm in the 13 C NMR spectra were indicative of a tetrasaccharide chain and the -configuration of glycosidic bonds. The positions of interglycosidic linkages were established by analysis of NOESY and HMBC spectra ( Table 1 ). Cross-peaks were observed between H-1 of the first monosaccharide residue (xylose) and H-3 (C-3) of an aglycone, H-1 of the second monosaccharide residue (quinovose) and H-2 (C-2) of the first monosaccharide residue (xylose), H-1 of the third monosaccharide residue (glucose) and H-4 (C-4) of the second monosaccharide residue (quinovose), H-1 of the fourth monosaccharide residue (3-O-methylxylose) and H-3 (C-3) of the third monosaccharide residue (glucose) in the NOESY and HMBC spectra, correspondingly. D-configurations of all the sugars were suggested by analogy with those for cucumarioside G 1 isolated from the same sea cucumber [2] . Hence, the structure of carbohydrate chains corresponded to the formulae 1-7 ( Figure 1 ).
The structure of the aglycone moiety of cucumarioside A 2 (1) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, NOESY) ( Table 2) , signals of methyl group at  20.6 and  2.08 (OAc) in the 13 C and 1 H NMR spectra, correspondingly] in the tetracyclic moiety. So, the polycyclic system of 1 was identical to that of other cucumariosides of group A isolated earlier from E. fraudatrix [1] . The signals of the side chain indicated the presence of the second O-acetate group [from the signals at  169.8 and  21.2 in the 13 C NMR spectrum and  2.10 s in the 1 H NMR spectrum] and a double bond [from the signals of  143.7 and  112.3 in the 13 C NMR spectrum and  4.94 t (J = 1.6 Hz) in the 1 H NMR spectrum], whose positions were determined on the basis of 2D NMR. Analysis of the 1 H 1 H COSY spectrum showed that protons H 2 -22, H 2 -23 and H-24 formed an isolated spin system. The signal of H-24 was shifted downfield to  5.38 in the 1 H NMR spectrum and correlated by HSQC with the signal of the corresponding carbon at  76.9. The value of the chemical shifts of C-24 and H-24 and the presence of a cross-peak [ 5.38 (H-24)/  169.8 (OAc-24)] in the HMBC spectrum indicated the binding of the second O-acetate group to C-24 in the side chain of 1. The double bond was positioned at C-25(26) by the characteristic chemical shifts of the quaternary carbon C-25 at  143.7, along with the secondary carbon C-26 at  112.3 in the 13 C NMR spectrum; the latter was correlated by HSQC with olefinic protons H 2 -26 at  4.94 (t, J = 1.6) and  5.09 (brs).
Signals of the methyl group CH 3 -27 in the aglycone side chain were observed at  1.75 and  18.2 in the 1 H and 13 C NMR spectra, respectively. The correlations of H-27/C-24, C-25 and C-26 and H-26/C-24 and C-27 in the HMBC spectrum corroborated the structure of the side chain. The side chain, having an OAc-group at C-24 and a terminal double bond, is new in sea cucumber glycosides. 
The structure of the aglycone moiety of cucumarioside A 7 (2) was found by extensive NMR spectroscopy ( 13 C and 1 H NMR, 1 H-1 H COSY, HMBC, HSQC, NOESY) ( Table 3) to have a polycyclic moiety identical to that of cucumarioside A 2 (1) and distinguished by the side chain signals. The signals of the aglycone side chain in the 13 C NMR spectrum of 2 were similar to those of 24(S)-hydroxy-25-dehydroechinoside A from Actinopyga flammea [6] and achlioniceoside A 1 from Achlionice violaecuspidata [7] , indicating the presence of a terminal double bond [from the signals at  149.3 (C-25) and  109.9 (C-26) in the 13 C NMR spectrum] and a 24hydroxy group [from the signal of C-24 at  74.7 in the 13 C NMR spectrum]. Indeed, the HMBC correlations between the olefinic H 2 -26 and hydroxylated C-24, along with correlation with H 3 -27/C-24 confirmed the structure of the side chain of cucumarioside A 7 (2) .
To determine the absolute configuration at chiral center C-24 Mosher's method was applied [8] . 
The structure of the aglycone moiety of cucumarioside A 9 (3) was found by extensive NMR spectroscopy (Table 4 ) to be very similar to that of cucumarioside A 8 (8) isolated earlier from E. fraudatrix [9] , and it is the second representative of the so-called "hot" metabolites, a glycoside possessing an aglycone structure intermediate between the lanostane-type and the more oxidated holostane-type. The signals of the aglycone side chain in the 13 C and 1 H NMR spectra of 3 differed from the corresponding ones in the spectra of cucumarioside A 8 (8) . The aglycone of cucumarioside A 9 (3) is characterized by the presence of a 7(8)-double bond [from the signals at  122.7 (C-7) and  147.6 (C-8) in the 13 C NMR spectrum] ( Extensive analysis of the 2 D NMR spectra of the aglycone moiety of cucumarioside A 13 (6) showed the presence of a holostane nucleus identical to that of some other cucumariosides of group A (1, 2, 4, 5) , but with different signals for the side chain ( Table 5 ). The signals in the 13 C NMR spectrum showed the presence of an ,-unsaturated ketone fragment in the side chain of 6 identical to that of frondoside A 2 -2 isolated earlier from the North Atlantic sea cucumber Cucumaria frondosa [10] and achlioniceoside A 3 from the Antarctic sea cucumber Achlionice violaecuspidata [7] . Indeed, in the 13 C NMR spectrum of 6 signals of the keto-group at  200. As deduced from extensive analysis of the 2 D NMR spectra of cucumarioside A 14 (7) , its polycyclic nucleus was identical to that of some other cucumariosides of group A (1, 2, 46 ) from E. fraudatrix, but the structure of the side chain differed from those of all the known sea cucumber glycosides ( Table 6 ). In the aglycone parts of the 1 H and 13 C NMR spectra of 7, the signals of a double bond in the side chain were absent and the signals of two terminal methyl groups were observed [the signal at  25.8 (C-26, C-27) in the 13 C NMR spectrum correlated by HSQC with two singlet signals at  1.51 (H 3 -26) and  1.50 (H 3 -27)]. In the 1 H-1 H COSY spectrum the protons H-22, H-23 and H-24 formed an isolated spin system that indicates the presence of some functionality at C-25. The characteristic chemical shift of C-25 at  72.3 in the 13 C NMR spectrum, along with the signals of methyl groups H 3 -26 and H 3 -27 at  1.50 and  1.51 in the 1 H NMR spectrum of cucumarioside A 14 (7) showed the presence of a hydroxyl group at C-25. The signal of a tertiary carbon C-24 was observed at  79.0 in the 13 C NMR spectrum and correlated by HSQC with the corresponding proton at  3.67 that indicate the presence of an additional hydroxyl group at this position of the side chain in cucumarioside A 14 (7) . The structure Thus, we have elucidated the structures of seven new minor triterpene non-sulfated tetraosides from E. fraudatrix, including the absolute configuration at the C-24 chiral center in cucumarioside A 7 (2) . Two of these substances, cucumariosides A 10 (4) and A 11 (5) are identical to the desulfated derivatives of cucumariosides G 2 and G 4 , respectively, but for the first time were isolated as natural products. Another two cucumariosides, A 7 (2) and A 13 (6) , are new combinations of known aglycones and a new carbohydrate chain. The aglycone of cucumarioside A 14 (7) possesses a typical holostane polycyclic nucleus, but has a new side chain with two hydroxyl groups. Finally, cucumarioside A 9 (3), along with cucumarioside A 8 (8) isolated earlier from the same fraction, are Structure of cucumariosides A 2 , A 7 , A 9 , A 10 , A 11 , A 13 and A 14 Natural Product Communications Vol. 7 (7) 2012 851 new non-holostane intermediate metabolites, evidencing several unclear peculiarities of glycoside biosynthesis in sea cucumbers [9] .
The aglycone with such a low degree of oxidation as in 3 (C-18 and C-20 hydroxy groups instead of an 18(20)-lactone) may be considered a biosynthetic precursor of more oxidated holostane aglycones.
None of the glycosides studied inhibited the growth of the soya phytopathogens Septoria glycines and Cercospora sojina. The only glycoside demonstrating slight action against Candida albicans was cucumarioside A 8 (8) The cytotoxic activities of compounds 1-8 against mouse spleen lymphocytes and the ascite form of mouse Ehrlich carcinoma cells, as well as hemolytic activity against mouse erythrocytes are given in Table 7 . Four glycosides, cucumariosides A 7 (2), A 9 (3), A 11 (5) and A 14 (7) , having hydroxyl groups in the side chains, did not show either hemolytic or cytotoxic action (Table 7) . So, the presence of hydroxy-groups in the aglycone side chains significantly decreases the bioactivities of the glycosides, which are based on their membranolytic action, such as antifungal, hemolytic and cytotoxic effects [11] . Cucumariosides A 2 (1), A 8 (8) and A 13 (6) demonstrated significant hemolytic activities. Noteworthy is that only cucumarioside A 8 had a rather strong cytotoxic effect, whereas cucumariosides A 2 (1) and A 13 (6) showed moderate cytotoxicities. The biological actions of cucumariosides A 2 (1) and A 13 (6) are similar, so the substitution of an acetoxy-group with a keto-group at C-24 does not influence the activity, in contradistinction from that of a hydroxy-group at C-24, which significantly decreases activities of all the substances 2, 3 and 7. Cucumarioside A 10 (4) (5) , and an additional peak that was rechromatographed on a Discovery C 18 column (4.6  250 mm) with MeOH/H 2 O (63:37) to give 1 mg of cucumarioside A 9 (3), respectively. 
